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(54) OPTICAL RECEIVER FOR OPTICAL DIGITAL COMMUNICATION 

(57)Abstract: 

PURPOSE: To always obtain an optimum amplification 
factor by providing a resistor whose resistance is higher 
than an input impedance of a preamplifier between an 
input of the preamplifier and a ground level point and 
supplying a bias current to the resistor so as to increase 
an input saturation current of the preamplifier. 
CONSTITUTION: A resistor R whose resistance is much 
higher than an input impedance of a preamplifier 12 is 
provided between an input of the preamplifier and a 
ground level point to supply a bias current IDC to the 
resistor R in a decreasing direction of an input current 
UN. Thus, an input current versus output voltage 
characteristic shown in solid lines is shifted to the 
characteristic shown in broken lines and a saturation 
point P. is shifted to a point P1. As a result, a saturation 
current of the preamplifier 12 is improved by +IDC. In 
this case, it is required to take notice of a parasitic 
capacitance (capacitance between input and ground 
point of preamplifier 12) of a current source circuit and 

of an impedance (higher than input impedance of the preamplifier 12) of the current source 
circuit. 
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Hi, SAJtATal^WcisttSSuBii'lfiSi 2©iS?a 
»c£51#1£5&{k£3cS*Sfc*©-*Jfa0iJ - e&So 0 2 
«, B2 9»=a%-rfie*0!IO*Mtfc*fJtSn*» BIOS 

mmx.isv*immw& 1 2£DA^«j5St-m73mjEE^i4 
^-fBT'&So 

[0 0 7 0] B 1 C*JV>T> Hljgiiitigg 1 2tt> 02 7 
RtfB3 2fcfc^T«EbfcflMB*ST?i6*o ^©A 

^At^afitR^fiJU AftHiffi I in *M-f STJfafC 
miSSt^i'TX I dc Srffitf <fc-5tcLTV^ 0 cmcfcCK 

^©^ttlc^? h U §SfP;£Po #Pi fc*£lf)£ft3o 

[0071] c©sss, suB*i*isi 2 ©»»«««* 

+ I DC »«t*|Sl±*«* C h^BlffiTfeSo 

[0 0 7 2] LfrU #HaE0>JK*51/'>Ttt. #©j£^S 

1 2 OA^JBWttfBB^Btob, «/J\ftA7j U"</1/«r 14 

[0 0 7 3] BP-^s mi3ttiS0SSo*^SS (BBttfiB 
OAA-SWOM) » «8ft»l§]i&-e«£ , r**i*fi)i 
»&tf BaiBEiBo-f ye-^x (>SuBt|i|iggO A 

[0 0 7 4] B3(i> hi fcra«oaw**ia-r*— si 

SSOTT'fe-5o B 3 ©JlfiSWi, B 1 ©SlflSffMfcttU a 
fit R tc Mlc £V *— F D ejlttrA KiS?iJ fc SSE L » buB 

[0 0 7 5] C<Dffil3.K&Z>. HuBtfiUti 1 2 OA^SP 

ft#tt^cn«rfl^mb> 1^W7X I dc £B41C^ 

-r<fcaic/siiarajST a ©^tic^brfe— sic^o*^ 

[0 0 7 6] BP'S, B4lc*3i/>T, ^©1#14A{iBl 
©SSSfi?lJ(i:*3tt5/lfflfS)i[Ta KJtrSBiS&A-fT'X I 

7X iKA'i^LT^S, 

[0 0 7 7] -7?, B4£D^B«B3 0^)SaWcS^ 

CWLTtSI/W7X I dc fi— ^T-^5o CftlC<fc 
t). MBtiiH8§l 2©fBfMc£31#14#{bWgH?aKT 
. ©MtlC^A^P>-rStSBieiT*$>5o 
[0 0 7 8] B5ti, ±fEB3©HSte0IJtc^V\ suBti 

itsasi 2, fflanR&t/^-f^— kd 

*SB©ia««:»iW«-*HTa&*. BP*,, B5(C*3^ 



(8) 
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ST-feo« cns*^u>htgo-s»cns?n, est 
C0079] sic 5 o«yu>hfi©s®»cnssn 

^U>h/<*->«P*S«CiT^**. 10 
[0 0 8 0] B6(t, cn6#*S«4:iaiS««i:OM 
«*«Wr*HTJ6*. ENc^T, (1) . (2) a 

(3) «, ^tuenisiiSffljs (a) i: (b) tc^/s-r 

StMfttttHIk 8MFiDBfttfM»lM4- 
[0 0 8 1] EP^, glBflttt (a) (4, BuStMiHg! 1 2 

[0 0 8 2] C<D®m&i& (a) <0*&ti, 06<£> 20 
(I ) lcm?£olcm5lz1ai,i57V>b&mMicngi 

«\> C<D*§-&<D"&fi£ggfit»4, (Ill)tCSVf «fc?tC 1 0 

[0 0 8 3] lalttttjg (b) tuB±i*I 

§§1 2<DXt>1Qlcif'{*- KD ft. cntcgtit 

RA^«fii:(0HtC^SnS*ritT*feS o 30 

[0 0 8 4] cog^ ( 1 ) (C7r;-rJ;5f<:0 5i<:fctt 

iSWo C(D)S-e-(D-g-figgSffi{4. (IIDtcjjVrJ:? 
IC 1 0 13 CD^-^T'&So 

[0 0 8 5] Lfctf^T, ©gg^fiit (a) <Di*-&, [UK 

tSfig (b) »i oftcoi&3i®mt-r%cttf 

tU^TSfiJT'^^o 40 
yt\t)'V7-Pm t A P D 1 OfDSB/WTXSiJ 

[0 0 8 63 ft^A^U^l/Piwt ^fOAPDO/W 
rxMEEWm ^JSPSnS^tSEH^rta^L, Vo <D 

^-^tcLT, ^fC|{{B^L/c0 3 4 iCijrf A P 
X»J»@8SOS*tRl , R2©ffi*SSSLTfi38{fc*B 
^dtcLTiz-'So 50 
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[0 0 8 7] IP*,; 0 7T-14, «*iB'W7XSJ»« 
EVomax &C*fU S*tRl , R2 U «/Jn 

S3><-f7X»J»«EV«i» £*tU SfcxRl . R2 <D 
m*±2< LTA PDcD/WZX^HVapd ©fBHrtK: 

[0088] cct% 0 7 (omm<t<orzib<Dfflm(D$m 
la8£D7D-^c^;■r^lllT'^T*>t^5„.0 8^c*3l/^ 

lEVo fcKJt-rs Uf7/S 1) o 

[0 0 8 9] oi^T, a^jtA^/^-^SE-rssfit 

Rl , R2 *Mm-?z, (Xf77"S 2) o CCQfficiaRl 
, R2 (4, 0 8©^iJ(c^-r«t-5fCBj^g^Cj;5P 
Sfct4H^a*t*H*«**cfcK:j:0fT5o SUE 
"TSffiMffitt, Vo fr^SAftA^ft/W-B^ Vapd 

[0 0 9 0] 0 9<D#?£{4, SliiXS^f fC/^-r 7 

[009 1] A P D 1 0<D!&Vimi£Vt RXf*:<Dffi&m 
»ro#ttf-*4««)5 (X-r<y7°S 1 1) « oi,> 

S 1 2) „ ItltT'*46/£Sl5tffiRl S/UyhSiC* 
*U 3WH3SxaicJi€r (Xt-^S 1 3) „ 

[0092] cniczo, K&mmwm&±LX'&e>MMi 

[0 0 9 3] MtC, 0 1 0t4, APD 1 0CDS*»C«fcS 

Silo 

[0 0 9 4] 0 1 0<DBIJT*t4, 0<Ofe«tc^^ni.J;3 
K*^>:/I§«&CL*18«\ SAftATje^/^rxs 

[0 0 9 5] LfctfoT. A P D 1 0 <D gB><-f 7 XiM 

ft U'-Ol/ P is A^P max iXT) 5EH{c*5V>Tf4, S^xRl 
+ R2 Ti*S*«iBj*#u f^yriiffVar-^i: 
&3IEHC4, SSxRl «MS5(iU Rl >R 
2 ) „ 

[0 0 9 6] C(O0 1 1(4, HI OlCtstfZt'r-yT'lBl 

-r*- KOTSttR l fcM5»Jfe:«Stt*nTi/^So Hi 2fc 

(4, SMRl SD'R2 T'^SSfa^tCiti^T, AftttU 

[0 0 9 7] Mfc, 0 1 2tC^Sn5«fc?»c:A^5tU^ 
;l/Pw*^t<%0> ^SSto *r-T K*<S»3ffl«JBK » 
COBfC0it?ijO^^— KttffiRTVcL IC&VW. 
WiRl IBO«E»T*<H^«n*. LfttfoT« COS 



(9) 
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HKA^ttjI^I/Pih ft*** S*tR2 

CO 0 9 8] Cnt<t0, ftAftAftU^l/BScDAPD 
1 0£>/^7X*EVapd fc^-V^U Vapd 
<***»cJ:*flH**fb*l»±-r*Ci:*«tfl**. 
[OO9 9]013tt> ^^y^IsISSC L<Dft!lCDfi?lJT'fc 

ETStoiS^ffiTffijft-rs h ? y^x* tri t * 
oapdio^v-k»^7>^u /^rzxmffi 

V/Cp-o *V|n$ <^5Cfc KJ: 5#«&{fc*K±"r;5o 
[0 1 0 0] HI 3lC*5l/^T, SfC h^^X^T Rl 10 

[01013014 lim 1 3 O P in - Vapd CD^ttS:^ 
U R^'DTTjA^-'W— PnWTt?ttVAPD 1**7=7^-/ 
SEVcukp «k <&£tRi + R2 
#U P a W±T\ Vapd 

7SIIVcu«.p fc@5£Sn3 0 20 

[0 10 2] StC, C<D^v>'7'ffijEVcLAyp rSK 

<7>S-X • x=-y^^SffVBElt14^^-<^-KDl CO 

C»/J^lJtt«*WOitlfSs|»MO«aHiffc) 0 1 5 lis * 

IMffi^MOttMt (Mopt ) W»btT**5J:3»cU C 
tile J: 9. *i*MOt*:«^ Mopt U ftA73B?T 
KfO*«*M<Olfl*»c«fe««IS*IK<' J: 5 £ LfcSfeffcfliJ so 

[o i o 3] h i 6 a, hi 5 <D*mwmmmic*ii&-r 

[0 1 0 4] HI 5tC*5l^T, lti, £B^-l'7Xg|3T* 
&t>> 7£A^«7jk:jSUT7/ < ;5>v'x'7* 
HAPDO/' < ?l'TXai5ii7b^{frS<OT% Sg-OJgtaR 
1 s !g-<QgfctR2 &tf»H©JSttR3 ©WERTfcfU 
fflLt, 7A7>->x7*h^-l'*-KAPD10l(* 

5^ 0^Sn§J:5tc> A P D 1 KWcHyiJ 
tclg-O&trCRl £%S-<Dfctn,R2 tfigmiZtX. APD 
1 0©7y-K««cS§H©«litR3 tf, ftWSISfcUT- 

[0 10 5] m^SJn:T'S.5^HcDSStR3 KSlCSS 
«> H3 2Ki3^TBlWLfci:ra«»c*{tii««i 3fc 

[oio6]iu hi 5<a*fzw<ommmmiitoci8^ so 
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ga/W7X^T-fe§cOT% H3 2 fccoitS8»C 
*51>T, §ttffifc<DS*Itf— 5tfc*-5J:5£DC/DC 

2 4 tcffl»ffi4f*NKB-4-«fllJ&*ft Ufcl\, 
[0 10 7] MIC, H 1 5fC*3l/>T, 3fH©gtitR3 tc 
^C^mtSl^TttiiTJ^bTn^x^+J-Cl SriiLTM 

■«Mi»5k:»*»n*j:5ic«a«nrt-»**\ #f§0Ji 

[0 10 8] BP'S, fgHCQlgjnR3 ^^7-f7/^>-> 
h^t-KAPD 1 OfDTV-KffilfcitSMB 
IgiggSl 2{CjI< <fc?lCgM*ELT, A P D 1 0 \Cffi.4\Z> 

[0109] ig-cD&j/tRi tm-<D&m.R2 <omtgij!z 

[0 110] Vdd«, 7/^>">i7*hm-KA 
PD 1 0«D»«*EVb %#lSLT+^f< U Sg- 
COS^RI , ^-OStr[R2 RtfaSH©fi*tR3 ^SJa 

apd i o^aA^ismijittct^^^n^., 

[0 111] HflS0J£LT. m-£0SStRl , m-coS 

SxR2 RtfasHoatn;R3 1±> 8:4: loffljttaar 
fiA^m^^nrcBf. a p d 1 otmmzwz^*. 

5^/WTX«JIVapd fc&3cfc?tc!g— cD&iaRl „ 
fB-(Dm.tfiRZ Rtfm=<Dm.triR3 ©fli*n*«>&tlS. 
[0 112] HtC, *-<OBfri:l/T«/h«Jt**<0 
Jg-cogjnRl fciBz:©fiStR2©S8Blj&©*{ftV 
DD2 tc*0. Ji^^MOaSSffl (Mopt ) PHA^T'€S 
.fcdlC, /W7*X»JftI/b— ^"SP 2 (DISSS I 1 RtfMI— <D 

gMRi <o*« swiftens, cntc^t), igg^M 

cOHAffiti. Mopt h^Ds 7tA73WB?fOiifg^M01i 
A(C «fc Z&^Zffi <* C fc #T*# 5o 
[0 113] /WTX$iJ®;I/-7'gP2{i, B5¥*«fi!cT' 

m-<Dts.m.Ri tm-<Di8.iriR2 nmm^maLWwz 

^fC^O^ 3 JCftlJWf 5 feOT'SSo FULL-AGDl/- 
^<0<J:5Gm^tg®«r- ^fc«o (g/J^TtWifiT-A P 
D 1 0O/<-i*7X*«[*-«»c«O) mfiKtffliS-r^o 

[0114] m-osfixRi tm-nm.rn.R2 vmmti 

A P D 1 0 fc»4E»fflSoa=oatn:R3 ©i&ff fc© 
Ktcf&J|gifflh5>'->*X^TRi i:^ra<r)Jfitr[R4 <Oi£?iJ 
»«K><M5>JK:»ASn*. 
[0 115] C<DS?iJg^tcM?iJ{cmE(DgJaR 
5 i:^A<OSIr[R6 Oia5>J»«E*^5iJk:»tt*n«o ; e 
bTC<D^E©StaR5 t»AOSSiR6 ©»«WH(C + 

taR7 ^iiLrigssijpgpsiom^^A^jsn^. 
[0116] m-<Dmmmm&2o<D-\tn&=Ftmti 

%&£<Dffllc®mC2 tl*. MfcS-<0«»l«*S 

§§2 0<om±|»±, $iJS9ffl h7>->"X^TRl <0^-X(C 



(10) 
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[oii7] frfr%ffii$.ic£t), m-nm.rn.Ri tm- 

£!ECQ&#CR5 RZfmtVD&iriRG lcffit\Z>W.ffi.tf 
[0 1 1 8] Lrc^-3TSSC0gfitR5 RXSmfs<DmK 

R6 <DS^c>m{av™f fciBj^tc^t-rso cmc* 

7>->'X?TRl ^ffUJSPL-Tfajfil i ©**3%»J»T 
5. 

[-0 1 19] S^. SiiiVDDz /££-f SfcJiPSBBS: 

^K.i»Nf (m^ii =oi:*5^) , yt\tini)<D± 

ZZlcitmLX, ^OflAVjN$<^5 [HI 6(1) # 

m) a 

[0 12 0] CCT\ nffi.li (Dfflfflli.. 01 61C^£ 

ytx±imtitf±z<%;%icu^'m-<Dig.inRi v mr.(o 
miRz jkxsm=.<omKRz x-nm.s.WTtf^^* 20 

D> 7/^7i">i7* F^*- K A P 
EEVapd tfTtfS C01 6 (ii) J , 

[0 12 1] Lfctf-pT. APD 1 0 ©/WT'xmEE V 
apd <D{g~RcttJSLT, ^cotifg^MtfTtfS (SI 
7) 0 

[0 12 2] H^. 01 6^#MLT±IS^$li65i:, 

M^-r^iiJT*«Voo2 Sr-SlC**^, 7^7>->i7* 
h^-f FA P D 1 0C07'y- K&tf^V- Kffl'JlCit 
&Jfc»ttLfc»z:©ffitaR2»tfSH©SiftR3 K** so 

[0 12 3] *fc3ttA***3&<**-r*«jT»a:, 'W7 
. Xft}WU-72<DWfflm h7^X^T R 1 A'O F F t 
Hr(OffiiaR2 Rtt*|gHcDlgtaR3 lC)!ra*.lfl-<D 
«StRl ©WEEfcTfefUfflLT. APD1 0©ltM3*M 

[0 1 2 4] 0 1 5fcB??>BWrr*i:, /^7X*i* 

6xR7 trjtotsn, h*;7Hi!S»fcJ\ fc =1/ 40 
2/iCz R7 £&2>o 

[0 1 2 5] Ell SfCfc^T, StCtaS1Siag|53(C{±, 
3 OCD+ATjSSmcte, Sg+coffiJaRlO, £!i — ©jgJn 

r ik ROBiasaRvi©a[5>jSfaE»cj:?>»6n*«E 
v 2 *«A*3n, jetcjeo-AZusmca:, »+-©» 

}nR12. »+=OSttR13ftCf^4— KD1 ©it?iJ& 
[0 12 6] CCT, m-KD! APD10C so 
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[0 1 2 7] ElCjUHfflMB3tt. gjStS^Mon CO 
HttOflMe**-*-*. CCOgailifig^MoFr OSSSti, 
Rl^SJiRvilc J: OfiffetiS. 

[0 1 2 8] HI 71C*5l,>T, 01 7 (1) tt, 
4SMopt CD^teT'fe 9 , 0 1 7(iii) W\ 6£#CDFULL-A 
GC6rS»cJ:*«M»*M<0»tt-e*4. 

[0 12 9] *«flHtt, Cft*3fc#LT01 7(il)©# 

opt tcjacwHW*. 

[0 13 0] HK^WEVi corUaffi«(i, 5f-f*-FD 
1 ©ffl*«HS*fiJfliU C©iB*1$tt©«»*SSA©« 
StR8 i:fg;/i©ffifixR9 K:j:»>*<J»*HfiU HlcSSI- 
©iBWitlggg 2 0 ©SpJ#»ig«-r5 C £ tC<fc 0 Vddz £ 

[0 13 1] C<D8f<DVm ©SS*g*4«, 3fc©88«*» 

[0 13 2] 2V*— KD1 ©ig*T$14xR8 /R9 x 

( 1 +R5 /R6 ) 
W±cOCTfc<LT0 3 17!;M0 3 4lc^-rfi£3fc©le]Sg • 
jWCOlHIljWBftSftS. ffis 01 5tc*5V^T, BMm 

«R9S&fc3&V\ 7^5>i/i7*hm-KAPD 

i ooA-rrxHK^sci^BieiTfes. 
cjw.*K«iaojae»fMb] cct% mwmmi 2 
xcKfi-t^mv^Mt, ft/h-p«t>mmMHii 2&. 
cj%so«fbtvwii 1 3 ©fy**** < L.&«-n«\ Jt 
©si 6Kfttt*3ex*wro*tB««Br*6atr-^«Ea 

[0 13 3] L/itf-pt, $fe»CittWL/-cJ:51CJtgffl^ 

[0 1 3 4] 0 1 8tt, )tS{I^Brta5cOiilSlcJ;5f? 
iBOIWII«rSiSB-r*Ht?**o HT?tt, B5Bii1i§§ 1 2 

t^mnmitm^ ni, 13 2«<m««t2tiT^ 

[0135] ctiecotitsggti, «aoj£ESato«ii/^ 

5f-> 1 8 0 (Vcc ) , 18 1 (V« ) & 

[0136]Sil8 2T'/T?na!lD< > ffi$l&i84f89 
1 2coA^R0 ; ^{tiiileg§l 3 2com73raic±IB/£ffi«B 
OWi/^-y 1 8 1 «rilUTi«ffi5iS8S*^fig$n^ 

So 



(11) 



nmW-7-2 4 5 5 4 0 
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[0 1 3 7] 0 1 9&tf20Uu ftgff^BOV+f-;* 

&mmwi&&tztiic®m-? h-<m • mm 

CO 1 3 8] C<Dfcl6, iSfiJ#lf*ii§Si5^«»ll!S<D« 

wkffi&vim* setters. 

Co i 3 9] fip-fe, 0 i 9ic*5^T, ffiftfgiittftj: t « 
TBijBtgitsig i 2£ttS£:LT7nU ttSft^fi 1 9© 
7l>>h«l 9 1 icHSSttT^So $ftl8 1IJ, y 

CO 1 4 0] EK, 19 2ti, 1 9 0Slfttt 

ttfr-efeSo —7?, 2 0fi, ^T-lf-Jp— K~e*t), 2 1 

«, h 2 o ic^snfcSJp^/^-y-e 

CO 1 4 1] C©^f-jK-K2 0teJBj»Snfc»«P» 
2 1 tJtsm^Bi 9 1 8 1 

So 

CO 1 4 2] L.fttfoT> ?g1C0 1 8C0«?iJT-SiWU/c:<): 

^tc-o^^xi'xev 1 9 otf-o^^fiE^Le. £ 

HBf^Wtt^l 9 2<DJggB£:v+f-,1-;-K2 

CO 1 4 3] cofc&l;:, 0 1 9(;:W-rs^{tlHlSST'$) 
502 0tcjj^3rft£<fc?K, 

L« £$Bi££-CtcJ:!>£&lslBl 8 2 «rJg«-T* C t 

CO 1 4 4] U/itfot, glcftSfB^Bfc 
*J^T, ±B©»**«»lc*5tt*«S*IWiI:l/T, ft 

CO 1 4 5] 0 2 Hi, ±fB©t§*§g§<D5Sig;&l$S±f £ 
5kHJf/£-r5t,<DT?;&5o 

CO 1 4 6] Ctt»C*D»%/<*->±©illS*l»±f 

CO 1 4 7] 0 2 HCfcVT, 1 9 2lt )tS«SB<D 

1 9 35;WLT^Ii. 1 9 Hi, > hSffiT'SD, 
HuBtS*it§ 1 2, «fb4t468i 131, 13 ZOf7^ 

i 8 i A^fiE^nrv^o 
co 1 4 8] mm'*$—> 18HJ, ±fecr>*g&©>!pi 

tT> 1 9 3KM5>JtcS^5nTV^. LfctfoT, &tfc 

/^->i 8 i t**s«fi^^->2 1 nmcfl^sns 
tfKitsn*. so 
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CO 1 4 9] 02 2«, 1 8 l±(Oii 

i 8lc*5i/>TiliWbfc<k3fc, gifi/^-vi 8 ueffi 

mm&\ 8 2*^jsE$n, cntj:t)«^*«»a*n« 

»»JLTiliS«Kl 8 2*#»hr5<fc?tcUT^5 0 
CO 1 5 0] BP'S, 0 2 2(C:fc<^T, 0 2 1 <D^Mmt 

mmz7v>b&i 9 i(ci0Bi««8si 2, mtmrn® 
Hi, i 3 2*^i*ntv^„ 02 1 (ommmtm 

^5^fi, m&'^—is 1 8 1 jWt&O^*-;/ i 8 1 
a~l 8 1 f C«-9J«nTV5^ca65o " 

co 1 5 1 ] Htc i 9 2«, yt&mmmvmmvtmw 

T'Sb *> , «&<D#fg £ V 1 9 3 rtMMMS nfcffigt© G N 
D/^-> 1 8 1 a~ 1 8 1 f KfcffSLTgaaStt*^ 

co 1 52] 02 3 a, 0 2 2 (Dmsncttfc-rzmm® 

K<D— SP«:^bTV>5o #9J&*ft'<*-> 1 8 1 c~l 
8 1 eA'fnfnMtSilt^yi 9 3fcJ:»?ttftg 
*«%Bfi»cg5iBE?nTl/"'5„ ffi, 0fc*3V->T 1 3 3 
tt, ^ffi^-r^^T-fet), 13 4IJ, ^ffiStaT*$.5 0 
cne.fl7^rW 13 3, »W&ffil 3 4&tfii*I§g 

CO 15 3] 0 2 2, 2 3fC*Vf <fc?(cgeH!!^£-> 1 
8 1 flt^MHStU ittSMSS 1 8 2©JBf£*:PI±U 

CO 1 5 4] 0 2 4«, HHHHSKcfcOSMtij/^-Vi: 
^ t ©man':/ ^ y x -f x £ y\n <k o -i" 

CO 1 5 5] 0 1 9©*«50!l©5SBfc:fcl^TH\ X&m 

gsi 9©7uvmsi 9 i±tc»j«*n*«ai/<^— 

y 1 8 1 £v+f— K2 0©S3»Jgifc^*-V2 1 i: 
£, -Y>^7x-TXtf^ 1 9 0*51LTg5iKSnTf 

5, 

CO 1 5 6] LfcA^T, C<DWJT'(i, Y^7H'X 
tT>l 9 0<Dg;£lC»3<^y$f**$#L M a%C, 
0 2 Olc^-T^Jglei^AtJg^^n, %ScoilSi:*5oI 

BP 1 9 2 a i:bTflfOffltf, -YV* 7x-TXfcf V 1 9 0 

ttetirrzetic*.*), -o^^x-rxtf^ 1 9 o<os 

co 1 57] 025 is, sibicmmi±mw 1 920930 
^**«wr*BT?»*. 025T-&, mmvtmwi 9 

2fC-OO^J!3^tgi5 1 9 2 a, 192bA^^E^n, 
#«14g{*i 9 2©BB4: 1 l 1 ff , r*«k?k:»f»3fttf5ft 
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